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(57) Abstract 

The invention relates to a method for the production of multi-channel tubes, in particular flat multi-channel tubes, which comprises 
a first and a second step. The first step is forming, by means of extrusion, a tube having on the inside a multiplicity of ribs extending in 
the longitudinal direction of the tube, projecting from the inside wall of the tube and having free ends. The second step is compressing the 
extruded tube to bring the free ends of the internal ribs to close to, preferably in contact with, an opposing interior part of the tube such 
that a multiplicity of interior channels are formed in the tube. Step b) can be carried out stepwise in several steps. Preferably one or more 
mandrels are used for the extrusion, which mandrels essentially consist of a solid component with grooves formed in the circumferential 
surface thereof, which grooves have a base extending in the extrusion direction. The invention also relates to a multi-channel tube obtained 
using the method according to the invention and to an extrusion die and an installation for carrying out the method according to the 
invention. 
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Method for the production of multi-channel tubes; multi-channel tubes obtained in this 
way; and an extrusion die and installation for carrying out the method 

The present invention relates to a method for the production of multi-channel 
tubes, in particular flat, multi-channel tubes. 

Methods of this type are known. As is also known, with these methods 
problems arise in particular when it is desired to make very small multi-channel tubes. 
In this context very small multi-channel tubes are in particular understood to be multi- 
channel tubes of which the interior channels have very small dimensions. When such 
multi-channel tubes having very small dimensions for the channels have to be 
produced by extrusion, that is to say by an extrusion method in which the tube core 
delimiting the multiplicity of channels is co-extruded with the tube, in the case of the 
techniques known from the prior art the problem arises that use has to be made of a 
mandrel having a pin-Uke mandrel section of very small dimensions per channel. With 
regard to an extrusion mandrel of this type reference can be made, for example, to 
European Patent Application EP 0 595 061. It will be clear that in extrusion processes, 
in particular processes in which a metal, such as an aluminium or an aluminium alloy, 
is extruded, extrusion mandrels of this type having very thin pin-like mandrel sections 
are highly susceptible to wear and, moreover, as a consequence of the very small 
cross-sectional dimensions of the pin-like mandrel sections are highly vulnerable; The 
minimum channel size achievable in the case of such multi-channel tubes to be 
produced by extrusion is therefore also restricted in practice to channels having 
internal dimensions of at least 0.45 mm. 

The aim of the present invention is to provide a method for the production of 
tubes having a multiplicity of channels integrally formed at the same time, in particular 
flat multi-charmel tubes, wherein the channels can assume very small internal 
dimensions and wherein, in particular, the extrusion mandrel required for the extrusion 
can also have a long tool life and high resistance to wear. 

The abovementioned aims are achieved according to the invention by the 
provision of a method for the production of multi-channel tubes, in particular flat 
multi-channel tubes, which comprises the following steps: 

a) forming, by means of extrusion, a tube having on the inside a multiplicity of 
ribs extending in the longitudinal direction of the tube, projecting from the 
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inside wall of the tube and having free ends; 
b) compressing the extruded tube to bring the. free ends of the internal ribs close 
to, preferably in contact with, an opposing interior part of the tube such that a 
multiplicity of interior channels are formed in the tube. 

By, during the extrusion, forming a tube which has ribs freely 'projecting into 
the interior, that is to say ribs where one end integrally merges into the inside wall and 
the other free end is freely located in the interior of the tube and thus does not merge 
into another part of the inside wall of the tube, the extrusion mandrel is not subject to 
the requirement that it has a separate pin-like mandrel section per channel, but, for 
example, a plate-shaped mandrel section can suffice, one or both opposing plate 
sections of which are provided with grooves having a depth less than the thickness of 
said plate section. The mechanical strength, stability, the tool life and the resistance to 
wear of such an extrusion mandrel, which thus consists of an essentially solid plate 
section instead of a multiplicity of separate individual pins, are appreciably better than 
in the case of an extrusion mandrel having a multiplicity of individual pins. The actual 
shaping of the multiplicity of channels then takes place in step b) by compressing the 
tube having ribs freely projecting into the interior, extruded in step a), in order to 
bring the free ends of the freely projecting ribs into contact with an opposing interior 
part of the tube or at least to very close to an opposing interior part of the tube, as a 
result of which the ribs, which were still freely projecting in step a), become, as it 
were, webs extending between interior parts, each of which webs forms a boundary 
wall for the multiplicity of channels. It will be clear that a multiplicity of techniques 
are conceivable for the compression. The tube section extruded in step a) can, for 
example, be clamped in an essentially immobile position between two press 
components movable with respect to one another and compressed. It will, however, be 
preferred if the compression takes place while still in the extrusion line, which, for 
example, can be achieved by compressing the extruded tube section while this is still 
on the run-out part of the extrusion line, which is frequently also referred to as the 
run-out table, for example by feeding said extruded tube section between -one or more 
sets of rollers. 

The method according to the invention can in particular suitably be used for 
the extrusion of aluminium or an aluminium alloy. 

In a particular embodiment of the method according to the invention it has 
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proved highly advantageous when a die comprising an extrusion passage defining the 
outer circumference of the tube and a mandrel defining the internal circumference and 
internal ribs of the tube is used for the extrusion in step a), wherein the mandrel 
comprises an essentially solid component with, in the circumferential surface transverse 
to the extrusion ..direction, the projecting ribs with free ends detemiining grooves 
having a base extending in the extrusion direction. In general, an extrusion die of this 
type will consist of a female die section provided with the extrusion passage and a 
male die section provided with the mandrel. During extrusion the mandrel will project 
into the extrusion passage. Instead of one mandrel it is possible to use various 
mandrels. 

In order to prevent the final multi-channel tube becoming damaged during 
compression of the tube formed in step a), it is advantageous according to the 
invention if step b) is at least partially and in particular predominantly carried out at a 
tube temperature below 600 °C. 

With the method according to the invention, the compression will 
advantageously take place stepwise in several, at least two, steps. Specifically,, this 
makes it possible, in particular, to perform the compression in a regulated, controllable 
manner. Prior to a previous compression step and after said previous compression step, 
or possibly only after the previous compression step, the thickness of the tube formed 
up to that point is then measured, which gives an indication of the compression to be 
achieved in the subsequent step, which can then be adjusted depending on the 
previously measured result, for example by varying the compressive force. 

So that the compression can still take place in the extrusion line at a 
temperature appreciably lower than the extrusion temperature, because damage to the 
multi-channel tube ultimately to be formed must be prevented, it is advantageous 
according to the invention if the extruded tube is cooled between step a) and step b) 
with a liquid, such as water, and/or a gas, such as air. In this context it is also readily 
possible in the case of stepwise compression for the extruded tube to be cooled 
between two successive compression steps or between all successive compression steps. 
It is even possible to compress the extruded tube during cooling. The final step can 
then be carried out at 20 °C. 

Using the method according to the invention it proves to be possible, in a 
highly advantageous marmer, to form multi-channel tubes, in particular flat multi- 
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channel tubes, having very small channels and channel wall dimensions. In this 

context, according to the invention it is particularly. advantageous 

if flat multi-channel tubes are formed which contain channels up to, for 

example, 0.1 mm in size having a width of less than 0.75 mm; 

the thickness of the projecting ribs is formed less than 2 mm, 'preferably less 

than 0.3 mm, such as, for example, approximately 0.15-0.05 mm; 

the height of the projecting ribs is made less than 6 mm, preferably less than 

0.6 mm, for example 0.2 mm. 

With the method according to the invention it has proved particularly 
advantageous if the internal thickness of the tube formed in step a) is taken larger than 
the height by which the projecting ribs project with respect to the inside wall in the 
tube formed in step a). In this context it has proved particularly advantageous if the 
internal thickness of the tube is taken, for example, 10-60 % greater than the height 
by which the ribs project in the internal thickness direction with respect to the inside 
wall. It has also proved advantageous if the internal thickness of the tube and the 
height, seen in the thickness direction, by which the projecting ribs project with respect 
to the inside wall is chosen such that a reduction in the internal thickness of the tube 
of at most 70 % and preferably approximately 50 % takes place during compression. 

According to a further embodiment of the method according to the invention, 
two tubes joined to one another by a connecting web are formed by extrusion in step 
a), at least one of said tubes having, on the inside, a multiplicity of said projecting ribs 
with free ends and being subjected to step b). In this way it is possible, in particular 
for vehicles, to produce the multi-channel tubes for the radiator and the condenser for 
the air conditioning joined together in a single procedure, which leads to lowering of 
the production costs. Especially if the connecting web has a short length, it is also 
possible in this way to make the condenser for the air conditioning and the radiator for 
a vehicle of very compact construction with the product finally obtained. If the 
compact construction is of lesser importance, it is then optionally possible to separate 
the two tubes produced by one procedure from one another by subsequently cutting 
through the connecting web. It will be clear that this method can, in principle, also be 
used entirely separately from the compression and therefore, as it were, constitutes a 
second aspect of the invention. According to a second aspect of the invention, the 
invention therefore also relates to a method for the simultaneous forming of a multi- 
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channel condenser tube for an air conditioning system and a multi-channel tube for a 
radiator for a vehicle, wherein the two multi-channel tubes are formed integrally with a 
connecting web present between them in a single extrusion process. According to this 
second aspect of the invention, the invention also relates to a set of two multi-channel 
tubes iConnecte4 ^by a connecting web formed in one piece with the multi-channel 
tubes. 

According to the first aspect, the present invention further also relates to a 
multi-channel tube, in particular a flat multi-channel tube, obtained by the method 
according to the invention. In this context the invention in particular also relates to a 
multi-channel tube, in particular a flat multi-channel tube, made of aluminium or an 
aluminium alloy for evaporators, condensers and radiators of, in particular, vehicles, 
which multi-channel tube is obtained by the method according to the invention. 

According to the first aspect, the invention furthermore also relates to an 
extrusion die for fomiing, by extrusion, a tube having ribs, with free ends, projecting 
on the inside, comprising an extrusion passage defining the outer circumference of the 
tube and a mandrel defining the interior circumference and interior ribs of the tube, 
wherein the mandrel comprises an essentially solid component with, in the 
circumferential surface transverse to the extrusion direction, grooves having a base 
extending in the extrusion direction which define the projecting ribs with free ends. 
Additional mandrels can be present if needed. 

According to the first aspect of the invention, the latter furthermore also relates 
to an installation for carrying out the method according to the first aspect of the 
invention, comprising an extrusion press installation having an extrusion die according 
to, preferably, Claim 15 and compression means. In said installation the compression 
means are preferably located downstream of the extrusion die. The compression means 
can comprise, for example, one or more sets of rollers. The latter can be arranged 
straight above one another and are adjustable in any conceivable manner. 

The present invention will now be explained in more detail below with 
reference to an illustrative embodiment shown diagrammatically in the drawing. In the 
drawing: 

Fig. 1 shows, highly diagrammatically, an extrusion installation and adjoining 
run-out line according to the invention for carrying out the method according to the 
invention; 
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Figs 2 A and 2B show a perspective view of an extrusion die according to the 
invention and for use with the method according to -the invention; 

Fig. 3 shows a perspective view of a detail of the mandrel of the extrusion die 
in Fig. 2, in particular the mandrel of the die section in Fig. 2B; 

Fig. 4 shows a cross-sectional view of an example of an bxtrusion profile 
obtained according to the method of the invention. Fig. 4A showing the profile 
immediately after the extrusion step and Fig. 4B showing the profile after the 
compression step(s); 

Fig. 5 shows a further example, in cross-section, of an extrusion profile 
according to the invention. Fig. 5A again showing the extrusion profile immediately 
after the extrusion step and Fig. 5B the extrusion profile after the compression step(s); 

Fig. 6 shows, in cross-section, yet a further illustrative embodiment of an 
extrusion profile according to the invention. Fig. 6A showing the extrusion profile 
immediately after the extrusion step and Fig. 6B the extrusion profile after the 
compression step(s); 

Fig. 7 shows, in cross-section, yet a further illustrative embodiment of an 
extrusion profile according to the invention; 

Fig. 8 shows a diagrammatic perspective view of a compression installation for 
compressing a previously extruded multi-channel tube; and 

Fig. 9 shows a variant of a compression installation which in other respects 
corresponds to Fig. 8. 

Fig. 1 shows, diagrammatically, the set-up of a production line for carrying out 
the method according to the invention. The ram extruder installation, comprising 
extrusion die sections 2 and 3, a ram 7 and an extrusion orifice 6, is indicated by 1. 
The so-called billet of material to be extruded is indicated by 5. 

The billet is extruded to produce a tubular extrusion profile 4a, which 
undergoes a change in shape as it passes through the installation and, following said 
change in shape, is indicated at the end by 4b. In the case of aluminium extrusion, the 
extrusion profile 4a generally leaves the extrusion orifice 6 at a temperature of the 
order of magnitude of about 600 °C and, for accelerated cooling, is fed through a 
cooling installation 8 containing a water bath through which the profile is fed. After 
leaving the water cooling installation 8, the extrusion profile is fed through an air 
cooler 9, which feeds a forced stream of air over the extrusion profile in order to cool 
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this further but, in particular, also to dry it. In conventional extrusion processes, the 
extruded profile is then cut to size with the aid .of a travelling knife or travelling 
scissors or is wound onlo a roll with the aid of a winding installation. 

In accordance with the method according to the invention, the extrusion profile 
is, however, also ' fed through a compression installation 10 in order substantially to 
compress the extrusion profile, in which context substantial compression must be 
considered as a reduction in the external thickness of the order of magnitude of at least 
10 %, in general 20 % or more and frequently even 30 % or more. After the profile 
has been fed through the compression installation 10, it is indicated in Fig. 1 by 4b 
and, in the case of relatively thin profiles, can be wound on a roll 13 with the aid of a 
winding installation, which is not shown, or, especially in the case of non-windable 
extrusion profiles, can be cut into pieces of the desired length by means of a cutting 
installation 14, such as travelling scissors or a travelling knife. 

As will be immediately apparent after the following description,, the 
compression installation 10 can be implemented in diverse ways. The compression 
installation 10 can also be split into multiple compression installations 10 and arranged 
in other positions in the line. Although this is less probable, it is possible, for example, 
to provide a compression installation as early in the line as before the first cooling 
step. More probably said compression installation can, for example, be incorporated in 
the cooling installation 8 or air cooler/dryer 9 or optionally between the cooling 
installation 8 and cooler/dryer 9. 

The extrusion installation, and in particular the extrusion die, is so constructed 
that a profile such as is shown in Figs 4A, 5 A, 6A and 7 is extruded therewith.. That is 
to say the extrusion installation extrudes a single channel tube (Fig. 4A, Fig. 5A) or a 
multi-chamiel tube (Fig. 6A) or a combination thereof (Fig. 7) with ribs 22, 23, 32, 33, 
42, 43 projecting into the interior from the inside wall, which ribs thus always have a 
free end 60. The extrusion profile is then compressed in a compression step such that 
the external thickness F decreases to G (indicated in Fig. 4A and Fig. 4B). During this 
operation the free ends 60 of the freely projecting ribs can be brought close to an 
opposing interior part of the tube, preferably in contact therewith. In this way a multi- 
channel tube profile having a multiplicity of channels 27, 28; 37, 38; 47, 48, 49, is 
then obtained in the compression step or, optionally, the various compression steps. 

The extrusion of a single channel or multi-chamiel profile as shown in Figs 4, 
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5A, 6A and 7 is relatively simple and can be achieved by the average person skilled in 
the art in diverse ways in principle. According to the invention this can be achieved in 
particular by using an extrusion die having, in particular, an extrusion mandrel 16 
constructed in accordance with one part of the invention. Said extrusion mandrel 16 is 
5 shown in detail for the profile in Fig. 4A in Fig. 3 and is shown in Fig. 42B as part of 
the male die section 2. 

Figs 2A and 2B show, except for the extrusion mandrel 16, an extrusion die 
which is customary and known per se consisting of a female die section 3 and a male 
die section 2. The female die section 3 comprises the extrusion gap 15 which defines 

10 the outer periphery of the profile from Fig. 4A to be extruded, with, on the feed side 
of the extrusion gap 15, an enlarged feed chamber 19 via which the material to be 
extruded, which is under high pressure, is able to flow to the gap 15. The female die 
section 3 is further provided with dowel pin holes 18 in which dowel pins 17 of the 
male die section 2 fit in order to be able to fix the male die section 2 in a fixed 

15 position with respect to the female die section 3. The male die section 2 comprises a 
bridge 25, on which the actual extrusion mandrel 16 is mounted, and feed openings 20, 
along either side of the bridge 25, for plastically deformable material under pressure 
which is to be extruded. 

With reference to, in particular, Fig. 3, it can clearly be seen that the extmsion 

20 mandrel 16, referred to simply as the mandrel, for a profile according to Fig. 4A 
consists of a solid plate-shaped section in which grooves 21 are formed from the 
underside and grooves 29 are formed from the top. As can clearly be seen, the grooves 
each have a base extending in the extrusion direction and therefore do not completely 
intersect the mandrel 16. As a consequence of this, the mandrel 16 acquires a 

25 relatively high strength, a long tool life and high resistance to wear. In order to 
facilitate entry of the material to be extruded into the grooves 21 and 29, these are 
provided with a widened section 24 upstream. The mandrel 16 can be considered to fit 
virtually precisely in the interior of the profile shown in Fig. 4A. The grooves 21 form 
the freely projecting interior ribs 22 and the grooves 29 form the freely projecting 

30 interior ribs 23. 

As will be clear from Fig. 5A, the grooves to be formed on either side in the 
mandrel can optionally also be located precisely opposite one another. Furthermore, it 
will also be clear without any further explanation that the grooves can optionally also 
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be formed only on one side of the mandrel 16. 

Furthermore, it is illustrated with the aid. of Fig. 6 A that it is also possible 
within the scope of the invention to make the die mandrel of not entirely solid 
construction but with, for example, seven mandrel parts separated by run-through slots, 
each 0f^whioh\i.mandrel parts, or at least a number of said mandrel parts, being 
provided, however, with grooves with a base. 

Furthemiore, it is illustrated with the aid of Fig. 7 that it is also possible using 
a single extrusion die, which can easily be produced by a person skilled in the art on 
the basis of Fig. 7 and with this description at hand, to extrude two or more tubes 
which are joined to one another by a connecting web. The tubes can then be subjected 
together or one by one to a compression step, or just one of the tubes can be subjected 
to a compression step, in order to obtain one or more multi-channel tubes. 

As will be apparent, the double (multi-channel) tube profile in Fig. 7 is made 
up of a (multi-chaimel) tube profile according to Fig. 5 A and a (multi-channel) tube 
profile according to Fig. 6A. However, it will be clear that a double (multi -channel) 
tube profile can also be produced by using two (multi -channel) tube profiles from Fig. 
5A, two (multi -channel) tube profiles from Fig. 6A or two (multi-channel) tube 
profiles from Fig. 4A. Furthermore, it will be immediately apparent that a very wide 
variation in multi-charmel tube profiles, or at least extrusion dies for the preceding 
extrusion profiles that have not yet been compressed, is possible within the scope of 
the invention. 

Figs 8 and 9 show, by way of example, two installations which can be used for 
compressing a profile, such as, for example, those shown in Figs 4A, 5A, 6A and 7. In 
Fig. 8 the compression installation consists of top rollers 11 and bottom rollers 12 
arranged such that they are offset with respect to the top rollers 11 by half the 
diameter thereof. A desired reduction in thickness can then be achieved relatively 
easily by suitable adjustment of the top rollers 11 and bottom rollers 12 with respect to 
one another. 

Fig. 9 shows a variant with top rollers 61 and bottom rollers 62 which are 
located precisely opposite one another. Especially in the case of the variant according 
to Fig. 9, a slit-shaped passage must be formed between the rollers 61, 62 opposite one 
another by means of a recess 63 in the top rollers 61 and/or bottom rollers 62. The 
advantage of a recess 63 is in particular also that lateral shifting of the extrusion 
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profile in the longitudinal direction of the rollers is then prevented. 

It will be clear that it is by no means necessary always to use more than one 
top roller and more than one bottom roller in each thickness reduction step. Especially 
in the case of the installation according to Fig 9, it is very well conceivable to work 
5 with one top roller and one bottom roller in each thickness reduction step4 .* • 

As an indication of the very fine and flat multi-channel extrusion profiles 
which can be produced by the method according to the invention, a table is also given 
below in which the dimensions A, B, C, D, E, F and G, in each case in mm, are 
indicated by way of example for Figs 4, 5 and 6. It must be understood that even 
1 0 smaller dimensions are possible with the method and installation described above. 



TABLE 





A 


B 


C 


D 


E 


F 


G 


Fig. 4 


0.25 


0.7 


1.5 


0.7 


1.57 


2.1 


1.3 


Fig. 5 


0.15 


0.55 


2.1 


1.1 


0.6 


2.7 


1.7 


Fig. 6 


0.4 


0.61 


2.22 


1.22 


0.4 


3.02 


2.02 
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Claims 

1. Method for the production of multi-chamiel tubes, in particular flat multi- 
channel tubes, which comprises the following steps: 

a) forming, by means of extrusion, a tube having on the inside a multiphcity of 
ribs extending in the longitudinal direction of the tube, projecting from the 
inside wall of the tube and having free ends; 

b) compressing the extruded tube to bring the free ends of the internal ribs close 
to, preferably in contact with, an opposing interior part of the tube such that a 
multiplicity of interior channels are formed in the tube. 

2. Method according to Claim 1, wherein aluminium or an aluminium alloy is 
extruded in step a). - - 

3. Method according to one of the preceding claims, wherein a die comprisirig 
an extrusion passage defining the outer circumference of the tube and a mandrel 
defining the internal circumference and internal ribs of the tube is used for the 
extrusion in step a), wherein the mandrel comprises an essentially solid component 
with, in the circumferential surface transverse to the extrusion direction, grooves 
determining the projecting ribs with free ends, the grooves having a base extending in 
the extrusion direction. 



4. Method according to one of the preceding claims, wherein step b) is, at least 
partially, carried out at an external temperature below 600 °C. 

5. Method according to one of the preceding claims, wherein the extruded tube 
is cooled with a liquid and/or air between step a) and step b). 

6. Method according to one of the preceding claims, wherein the compression is 
carried out by feeding the extruded tube between one or more sets of rollers. 



7. Method according to one of the preceding claims, wherein the compression is 
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carried out stepwise in several steps, the temperature falling from each step to the next. 

8. Method according to one of the preceding claims, wherein flat multi-channel 
tubes are formed comprising channels having a width less than pnim,, such as 
0.45 mm or smaller. 

9. Method according to one of the preceding claims, wherein the thickness of 
the projecting ribs is less than 2 mm, preferably less than 0.3 mm, such as, for 
example, approximately 0.15 - 0.05 mm. 

10. Method according to one of the preceding claims, wherein the height of the 
projecting ribs is less than 6 mm; preferably less than 0.6 mm, in particular 0.2 mm. 

11. Method according to one of the preceding claims, wherein the interior 
thickness of the tube formed in step a) is greater than the height by which the 
projecting ribs project from the inner wall of the tube formed in step a). 

12. Method according to one of the preceding claims, wherein two tubes joined 
to one another by a connecting web are formed by extrusion in step a) and wherein at 
least one of said tubes has, on the inside, a multiplicity of said projecting ribs with 
free ends and is subjected to step b). 

1 3. Multi -channel tube, in particular flat multi-channel tube, obtained using the 
method according to one of the preceding claims. 

M.Multi-channel tube, in particular flat multi-channel tube, made of aluminium 
or an aluminium alloy, for evaporators, condensers and radiators of, in particular, 
vehicles, which multi-channel tube is obtained using the method according to one of 
the preceding Claims 1-12. 

15. Extrusion die for forming, by extrusion, a tube having ribs, with free ends, 
projecting on the inside, comprising an extrusion passage defining the outer 
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circumference of the lube and a mandrel defining the interior circumference and 
interior ribs of the tube, wherein the mandrel comprises an essentially solid component 

with, in the circumferential surface transverse to the extrusion direction, grooves 
having a base extending in the extrusion direction, in which the grooves define the 

a. " » 

5 projecting, ribsiwith free ends, 

16.Installation for carrying out the method according to one of Claims 1-12, 
comprising a ram extruder installation having an extrusion die according to, preferably. 
Claim 1 5 and compression means. 

10 

17. Installation according to Claim 16 wherein the compression means are 
positioned downstream of the extrusion die. 
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